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Members of a homologous series of normal alkyl halides of mercury -- CH3HgCl,
cfﬂ5wl’ 02H HgBr, C3H7HgCl, and G 1 -- were subjected to X-ray sis for
e first tine. Their spatial groups, Df. - P/mmm, (and fo;iﬁzﬂgﬂ, Ci. -Pmn)
oend dimensions of their elementary configuratione were dete: to he as follows:

agm-a-héaa,c-pagn CoHcBgCl - & = 4.65 A,C = 10.82 A; CoEgHgBr - a =
!;90.5, € = 10.62 A; n7ngcl-a.h.70A, € 4 13.62 A; CyBgHEC1 - a = 6.10 4;
b 5 3“ A, € =z 15 2

In the tetragonal crystals, the atoms of mercury and chlorine, and alsn the
certers of the radicals lay on the fourth axis. Coordinates of the mercury atom
in the cell were found to be 1.30, 1.31, 1.28, 1.33, and 1.28 A, respectively.

From tbe electron densities for CH3HgCl, Cm, and CgﬂzﬂgBr, the inter-
atomic interval for Hg - C1l and Hg - Br was cal at 2.50 and for Hg - C
at 2.06 A. The latter figure was obtained by X-ray analysis for the first time.
The margin .f error in these computations was plus or minus 0.03 A:

The free, but coordinated rotation of the CH3- » Cog-, and C3E7~ group and
the lack of rotation of the Cilg- group were .hmm geo.e rically and with X-rays,
and effective radii of rotation d.eternined. The intermolecular radiu' of the
mercury was found to be 1.50 A.

i
CLASSIFICATION CONFIDENTIAL GONFISERTIAL
ftaen nISTRIBUTION |

[ [

r g
[ STATR

AliMY

Sanitized Copy_ApproveQ_ for Release 2011/09/19 : CIA-RDP80-00@A000600270734-7




c C ERRDENTIAL

CONFIDER‘TIAL

BIBLIOGRAPHY
ie Zhedanov and Shugam, Zhurn. fiz. khim., Yol XXX, p 433, 1945
2.  Brockwey and Jenkins, J. Am. Chem. Soc., Vol LVITI, p 2036, 1936
3. de Lsgzlo; Soc., Vol X¥X, p 884, 1934

4. = Hedllk, Experientia, Vol IV, p 65, 1948

5. A. N, K.emeyanov, K. Kh, Freydlina, snd A. Ye. Borisov, Izv. AN SSSE, CYhN,
P 239, 19h45

6.  A. I. Kitaygorodskiy, Izv. &N SS9SR, OKhN, p 259, 1947 " Y

7. Siottae and Jocobi, J. prakt. Ch., Vol CXX, p 2kg, 1929

8.  Schroeder, Berichte, Vol XII, p 563, 1879

9a Hendricks, A. Krist., Vol IXXIY, p 29, 1530

% S@. Mueller, Trams. For. Soc., Vol XXV, p 417, 1929

9b. Pauling, Phys. Rev., Vol XXXVI, p %30, 1530

9c. Wyckoff, Z. Krist., Vol LXXIV, p 25, 1930

10. Braekken and Schoiten, Z. Krist., Vol LXXXIX, p 448, 1934

A_\
11. A. Johausson, Arkiv J. Kemi, Mineral. o. Geolog., Vol XIII A, p 11, 1939 h

12. Braune and Knoke, Z. Phys. Chem., Vol XXIII, p 163, 1933
13. Havighurst, J. 4m. Chem. Boc., Vol XLVIII, p 2113, 1926

. ~
1k, A. I. Kitaygorodskiy, Izv. AN SSSR, OKuN, p 587, 1946 S

15. A. I. Kitaygorodskly, .uOKh, p 1005, 1947

-2.

CONFIDERTIAL

LuieJERTIAL ,

Sanitizéd_ Copy Approved for Release 2011/09/19 : CIA-RDP80-00809A000600270734-7



NEL U

Sanitized Copy Approved for Release 2011/09/19 : CIA-RDP80-00809A000600270734-7
e T e e e BOX -HUM

Transiated at the

Fatioma) Tnetdinter of Penlth .

Bethesda, Maryland
From Buesian for Dr, Wyckoff ‘ ‘ Zhurnal Fizicheskoi Khimit
23:10, 1949, 1161-1171

The crystalline siructure of mercury
alkylhmlogenides, .

by ]
D.R. Grdenich and A.I. Eitamigorodskii

1. Intrefuotion

Up to the preszemt time not ome wvork has been dedizated
to the study of the srysislline strusture of the mercurial orgamic
‘ ‘ cmpoimdn. 5l.dy on the salts of mercury and mersury alkyl mercaptans
e s heve been carrisd out by the RButgen method, The results of thess
vorks give sufficiently wmassuming knowledge relative to the inter-
atomic and inter-mwoleculsr intervals (Translator's note: The
Russisn vord osn be translated either interval or space throughout
the entire article.) S8sversl »wrks srs dedicated to the crystalline
structure of nercury syanide, and the structure of it is fimally
explained by Zhdsnov end Shugam (1). They establish the fact that
the moleculs has s linear configuration not udduced from any data
relative to the mercury-carbon interval,
The inter-atomic interval C-Fg is known brom basic electron-
graphic study of dimethylmercury vapor - 2.20 A (2) and dipara-
bromphenyl mezcury -~ 2,10 A (3).
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Trs reason for go few works in this field is expleined e
by the difficulty of stulying mercury compounds. The mereury atom : }
possasses many large dispersicns which are capable of being com- IS
pared vith the light atoms, end preciss dsterminations an the
position of the latter alcag with the mercury atcmere assumsd
to be hardly possible. Thus, for ezempls, in the vork om the

< gtudy of the crystalline structure of the mineral eglestonite

EgyC1,0 (4) 1t is pointed out that the position of the atoms
of chiorine end oxygon is impossidle to be determined because
its dispsrsion capecity is very poor., FProm all this it is seem
that the organic compounds of mercury remain beyond the attention
of the student, beomuse they are dn "ungrateful” ("thankiess™?)
object of riatgen-structural analysis,

On the cther hand the study of the chemicsl behavior
of the mercury organic compounds has developed in rapid steps.
From the work of AN, Nesmeyanov, R.K. Froidline, A.E. Borisov
and their collabarstors (5) is explained a completie series of
questions concarning the naturs of the mercury organic compounds
end the product of addition of meroury salt vith indefinite cce-
pound discoveres a nev type of compound - & quasicomplex.

Studies of the crystalline siructure of certain quasicomplexes

of mercwry organic compounds are sdduced by A.I. Kitaigorodsky (6).

Sanitized Copy Approved for Release 2011/09/19 : CIA-RDP80-00809A000600270734-7




T DA

I AT

70734-7

Sanitized Copy Approved for Release 201 1/09/19 : CIA-RDP80-00809A0006002

He mms indicsted in what extent it is necessary to have accuratie v .' ‘ . -
knovledge on the mercury-carbom intervel. The present werk has '
bagi begun for this purpose, For the cbject of study we have
taken mercury alkylhalogenides.

IX. Crystelline structure of mercury alkyishlorids

In the chemical litersture a homologous series of - . |
noymal mercwry alkyl chlorides, tromides and icdides is described ) S
with the carbon number in the chain from 1 to 7 end at i6.{7).
¥e have taken the methyl-, ethyl-, propyl- and buiylchloerides for
study,
. &, Y¥ercury methyl-, othyl- sné propyl-chioride. Crystals

of the ccmpounds 0235@1, 6357@1 and c,}ﬁml have -t been
studied by physicel methods up to the present time, They belong

to the tetragonal system u we established acocrding to e "Lausgran”

(Translator's note: this ia & transliterstion of the word) (Lavevsky
class of symsetry Dy;) snd according to the RBntgengran of oscillation,
The study of similar polariged light indicates that these crystals
have one axis. All the crystals are represented by a transparent,
very thin (with average thimness of 0.002 cm), broad plate {up to

2 oo in ares) with irregular contours. The Iumrq'mt.of the
elemsutary nucleus is deterained according to the RIntgengram of
Oscillation, but aftervards the msasurement is made more procise

by the icniszation spectresmeter.
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EITI RELN

CHgHECl CoHfgC1 CRyBell
a= §,62A am h.65A a=4,70A

c = 9,59 A c=10.824 c= 13,62 4

-(Tho direction of exie ¢ is perpemdicular to the plene of the piste.)
Bescauge for the density for 0’533@1 rho equals 3.33 and for
‘ CpHaBgll rho squals 3.482 (8), then in the nucleus of thess com-
ke oounds there are two molecules. In the nmueleus of 033.?@1 ’«\.
theve are two molecules beceuse in the caleulstiom of density rho
is 3.06.
By the mathod of the inverted lattice there 1z indicated
e series of RBntgengrams of oscillstion end it is found that they
are all reflexes with indices hil, all cool, but extinstion kko,
vith uneven amount h plus k., By such law of liquidation it possesses
cgh - P &/n group tut it drops off becauce the Lauegram indicates
8 higher symsetry, The group of the C,W class also drops off, De-
cause 1t is indicated that there is an axie of the fourth order
and perpendicular to it a sliding plans.
There rexains the group of thankhehu. By the law
of liquidation it satisfies the nzh - P b/m=m group vith individual

position for the mercury, chlorine and carbon atoms (00) and (1/21/2¢).
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From the msasursment of the nucleus and the arrangement
of the elements of symmetry it is seen that the atom night be placed
only in the axis c,“"-\.hat is, in the axis of the fourth order.
Because the same molecule doeg not posress this symazetry, then 1%

1is necessary to suppose thatthe alkyl group is capable of being
rotated in the lattice around the mercwry-carbon chain. Similer
rotation of e molecuis or pert of a molesuls inm the crystalline , L _‘ 4
izttics is elready sstablishsd in the measuremsnt of the gompound
vith .alkyl groups (9). The gquestion of the possibility of similer
rotation of alkyl groups of compounds studied by us 1s exemined
below.

The crystallise stiructure found, explains the physical
property of tha crystals of thege compounds, for axample, cleavage
of the complete plate, volatility, amd form of the orystals.

The parsmeter ng might be defined from the determination
of intensity of the reXlex ool according to te Rintgengram of
oscillation., Accurate determinatica is produced by messurement
of the intensity by the ionigation method. Disregarding at firat
the influsnce of the proximity of the chlorine and carbon atoms
in dispersion, ve introduce an insignificant error.

In teble 1-3 and in 1llustration 3 is seen that the
significant structure of the emplitude (structure of smplitude
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A = 2 cos Qn(%}s + lz) hes thefémAchoBE'Jrlzfor T .‘
the reflex ocl; the begimning coordinmte in the ceater of '  ~\ -
symmetry) . Tie results obtained ars: : N
Cﬂ3lscl: Tgg = 1.304
02353@31: g = 1.3l &
CSE'{H@J': ZHE = 1.33 A
b. Crystalline structure of mercury butylchloride. The ‘ .““

crystel of Ckﬁgﬁsﬂl possesses for example the same form, but doss
not grov as rapidly. In similar polarized light it givew e
plecture typicel for the bi-sxial crystals. The Leuegram, taken
perpendiculer to the plate, indicatss the eymmsiry DZh' The
crystais consequently appeersd to be rhombic. Ths elementery
nuclei are determined according to the R3ntgengram of oscillatiocn;
such periods along the basic direction {from axis c acceptance of
the normal %o the plane of the plate): k

ax k102 b= 539 A ¢ = 15.16 A,
The density is roughly determined ar rho = 3; thus the number of
molecules of the elementary nuclei z = 2 {calculated at 2.07).

We have carried out the Rintgengram oscillation and
found the folioving reflex: hkl sll, hol all, okl all, and hko

only ch + k » 2n, The spatisl group is chosen on tae basis of the
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follovwing ressoming. st first the hcichedral class DQh is rejected

because it is difficult to suppose a similer rotstion of ths butyl'

group arcund the axis of the second order. Such & supposition is
confirmed by study ca the structural - Iinvestigation, concerning
wvhich we have an outline below. According to this same reascn
the clsss Dp drops off., Tasre remaine class cav vhich is found
by ligquidation and by geomsiric requirements to setisfy the . ,‘_‘
group Cgv - Pmn (plsns n perpendicular to the axis ¢) with the '
position of the mercury atem in points oye; (1/2+ 1/2 ).
Canseguently the molecuwle chwl is found in the plane of
eymmetry. This ® undoubtedly plane {100) bscause b a,

B complete study of the siructwe is not carried out,
The '@ 18 determination only of th'o parameter of mercury ulg with
the aid of the ewvaluation of the intensity reflex ool by
RBntgengren of oscillation and the icnization method, The de-
pendence of the structural amplitude on g 1s given in table 3.
Disregarding the presence of the light atoms (here the error
is greater) we obtain g " 1,86 - 1.30 A (because the reflex 003
is exceptionslly weak).

From this £t is seen that the relative position of
the mercury satcm in the lattice is not changed in the chloride

geries from methyl- to butyl-,
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1II. Inter-atomic intervals Eg-C end Hg-Cl R

Detornivation ¢f the coordinetes of the mercury,

chlorine and carbon atoms of the crystels studied is significantly

facilitate’ by the fect that sll the stoms are found in e

iioraight line,  Expadifently the comsfruction projection of the »
electron density is om the plans (010) :
N ]
rho (xz) = 1 S L F cos 2N (hx 3+ 12 T
e ™ ~—  hol = T
h 1 -
The sigt F, i determined by coordinstes of mercury atom known

hol
by us, Ths meinurmnt of the reflex 1s carried out on {oniza-

tion spectregreph. Altogethor 40 reflezes are msesured {of 55

possible from the conditicns of our experiment, applying the curve

K, -Cu), The ratio of tha lesst to the greatest measured intemsity
squals 1: 250,

The factor of absorption plays the gresatest role, because
the coeffioient of absorption mu = 800 for Gx3x¢:l (experimentally
detsrminsd) and mu = 590 for (2215!@1. It is calculated for each
reflex according to the formula:

A=2 sis + al - 2n M - Lo
f/-.k cos + alphs)sin® e 8ia (O + alpha - e THr¥I[ha
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where 5§ = the silze of the groups, alpha = the angle of the
felling of th» rays from the plate, z, = the thickuess of the
plets butd = the 'breggovaky' angls,

In the tsbles sre given the celculations and measure-

mente of the amplitudes of Fhol' The definite significancs of
7 measured is, for ezample, for the reflex 103, 104, 105 for which
the engle slpha is small {(~_5°) and the formula gives an inaccurate
olgnificanse for A {the formula is accurate for e limitless plate).
A significant role is playsd by the temperaiure factor,
The vefley of a distant series 30 ell + 50 ell 1s not observed
eithar in Réntgengram or in spectrograph. The temperaiure gac%or
increasss from methyl tc ethyl and propyl chloride so that/iz

possibly found in relation to the independent rotaticn of the alkyl

group., In 0235’891 there is observed a still smaller number of
reflexes (35). The temperature factor - B ( g_i,x_xé_)a for
methylcMoride is givin with the value Be- i,

The value of the function rho (x2) is calculsted for
the period taken across 1/48 period. The curve of distribution
of electrons for 0l3lgcl and czajwl is along the direction (001),
that'is, along the axis of the molecule given in illustrations 2 and

3; it i clearly seen that the interval of atoms might be sufficimntly
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accurate ‘to dotermine because the naxlzun 1s cleax and sharp {even
the magimmm belomging to carbom).

The coordivete of the maximum is éefineﬁ approximately
by the function obtained in the regiocn of t.h‘; maximm curve of the
- taird order {not by graphic but by analytical method). The

coordinates cbtained are:

OB HeCl: g = L3O A | | .
z, = 3.36 1 g

Ty ® 1,20 A

C2E5HgC1: gy ™ 1,31 A

Zyy = 1.21 A

The interval of Mg-C (of cn_jng(u): 2o-Tyg = 2.06 A,
but the interval Xg-clwu - %) = 2.50 A,

A mumber similar to that for Hg-Cl is obtained for
ColisHgCl.

The interval of Hg-C = 2.06 A obtained by us sccording
to my resulta to close to that obtained by electronographic means.

The interval Eg-Cl = 2.50 A does not coincide with the
literature data - 2.25 A is obtained from definite structure of
the mercuric bichloride (10). This value (2.25 A) is obtained by

the authors by indirect means and may not be claimed to be authentic.
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Not completely authentic either is the number 2,36 A
which is given for the irterval Hg-Cl in the chlorethyl mercaptan
of mercury {11).

Up to thie work the interval Hg-C1l has been determined
elastronographicelly (12). For the mercury bichloride vapor the -
nugber 2.20 A is adduced.

in such a way up to the present time we not aaly do aot
have a definite value for the Hg-C boud vut also there is contradiction
in relation to the ve.us of the length of the Hg-Cl boad,

There 18 s single work where the velue of 2.5 A has
been determined for the Hg-Cl bond - this is the vork of Havighurst
(13). This suthor studled the crysteiline structure of calomel
]4;2012 end also 352:81-2 and 35212. In apnifcation of the photographic
and fonigation methods one comstructs & series of electron densities
(one of the first Fuhr seriles of atructural analysis) and obtains
the mexisum belonging to mercury and halogen. The value obtained
in this way might be stated as the most sccurate and objactive., Fer
the interval Ng-Br the value £.56 A is adduced,

For testing the results of our preceding studies we took
the meroury ethylbromide, This compound is isamorphic with the

ethylchloride vhich has been verified by conoscopic study and
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R8ntgengram oscillation., The measure of the elementary nuclel \;) ‘L}
is: a= 5,904, c = 10.A2 A, The period’ .ong the exls a i '
increased in conformence with the increaséd radius of tha‘bromina
atom in comparisom with the radius of the ghlorine agtam. It
15 interestirg that the period along the length of the mercury
éthylhrcmide molecule 18 less in 0.20 A thar in 02115]5{301 which
expiaing a more profitsble “wrapping up.”

By the icdgation method the intensity of reflex hol
for cgﬂﬁngnr 15 mensured (tsble 4), 2& reflexes are found and
the congtruction series of electron densities are as those for
Cgﬂ5ﬁgcl end 0333301. The curve of distribution of the elestron -
dersity along the Alrection {001) is given in Lllustratiia b,

The coordinates of the atom are the following:
lZg = 1,28 A, 2o, = 1.23 A, vhich gives the interval Hg-Brizyg + 2, =
2,51 A.

Equal values for the intervals of Ng-C} end Hg-Br may
be sstablished within the limits of exrror.

In his vork on the studyof the structure of mercury
trans-chlorvinylbromide A.I, Kitaigorodsky cites the interval
Bg-Br = 2,43 A. In such a degree registration of the Ng-Br
interval in the given compound is completely coxprehensive if

we take intc account the fact that the marcury atom acquires a
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positifa charge, attracting 1t to the bromine atonm, ?n conge-

quence of the superposition of the complex end normal siructure {s).
’ We have basic to doudt the accuracy of the determinaticn
H'-‘9‘ j-f : of the Eg-Cl interval in mevcuric bichloride, especially since 1t

ig propesad by soms authors (10) that the intermolecular interval

C1-C1 in leyers, the iength of the Hg-Cl bond und the turning

of ths molscule also may change.

* The curve of distribution of the electron demsity in

Cgﬂ3ﬂsﬂl and cinﬂugsr glvae the position of the cerben atom much

leas clearly than in Cl%!eﬂl. This is explsined previously

in a1l by the fusiom of two carbon atoms igfrojecticn and also

by the fewer mumber of refleozes taksa for congtruction of the

series, and by the free rotation of all the othyl groups. Tvwo

carbon atoms may not be permitted and {he distribution of their

electrecns should be poured off in a series of cne diffusad

m!;mm. This meximun appeared to be the center of the (!lz'(ll3

group. In tha projection of the cn‘a-cns the interval equals

0.% A, Thus the interval from the mercury atom to this maximm

cught to be 0,25 A more than to the nearest carbon atom. The

sxperiment pomta\; out that this interval reslly is of the order

of 2.3 - 2.5 A,
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4
IV, Free rotation ané intermoleculsr interval -
The possibility of free rotation of the molecule in
erystalline lattice is indiceted by Pauling (8). Pauling bages _
hie supposition on a complete series of facts, among them, on *
the symmstry of the lattice. Whsn the moleculy occuples & ,:.‘
special position in the lattice, that is, rasts on some elements o

of macrosymmetry, them 1t should possess this eymmetry. First,
1t would seem that a viclation of this law is observed in crystals

of alkyl armonium salts (9 a). This fact is pointed out then

somevhat strangely, that is, it introduced a suppesition of the
alkyl group (9 =, c)., Pauling indicates that the luerts of sush
a chain sround the sxis along this chain ig somewhat small, so
that free rotation is completely possible even at room temperature.
But;h a rotated molecule possesses symmetry of the cylinder, that
is, includer in itself an axis of the preterred order.

In our cases the free rotation 61’ the methyl, ethyl and

propyl group is demonstrated, bythe Rintgen method. In spite of

this the demcmstration of this fact is possible and by geometric
means vith the aid of structural investigation (Concerning the
mothod of gecmatric analysis see (1)),

The alkyl group of the molecule, related to relaying alang

akis a, is concerned with favorable rotatiom. After this is considered
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the alkyl group related by symietrical opseration, nawaly relation
of the elkyl group im positlon (00,) with sliyl growp in (/2 1/2 c-2).
4t the seme tizme os the chlorine atom is related to the mercwxy etum,
the tm:\gency‘ie lscking, Comsequently on cme gide we have the
poseibility of defining the effective radius of the rotating alkyl
group, but on the other side, of verifying the significanss of the
intarmolecular rmdius of mercury atos, taking into secount toe
intergolecular radius of mercuty atoy, taking into account the ‘
{ntermolecular radius of chlorine 1.8 A end bromine 1.9 A,

The interwval, in which we fourd the mercury etom and
the chlorine atom in the neighbouring molecuis, aquals:

oy * ngM (ZEE, - ZCl) 2, 4?

=

For Tpg the following value in crystals is found
CHqHeCl o = 1.{.8 A

CoB ML Ty = LA

c2!5n3r r!s = 1,52 A
For rotating the methyl greup the intramclecularmdius

is obtained:

\/ 2.2
rcn3-1/z (c - 22.) + 8

for cx3w1xrc'3 = 2,11 A.
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The given value in 0,1A iz less universally adopted.

0 For Justifying thess valuss, both here apd also in the othyl
: and proy”{. groups e ought to accept the suppos! 'on on the
coordinated rotation, For example in the lattice of CE _NgCl
related 3
the simultanemus pivot of the two/methyl groups of the hydrogen
atoms towards eech other is impossible witkout significant
alteration of ths intermclecular interval.
For this same reason the ethyl groups of the neighbouring
molecule of mercury ethyl chloride may ncot simultanecusly be

found in the plans (110) because in this case the hydrogen atom

is found in an interval of 3,10 A, vhick i@ less than the inter-
miecu.lar dismster of hydrogen of 3.4 A. Consequently the sthyl
groups ﬁusod each other by. Their methyl groups rotated in
coordinate msnnar, The same occurs in propyl chloride.

The etly] and propyl groups of the molecrle, related
to period a, also night rotate only in coordinate manner. In
this case their effective radius equals g that is 2.35 A,

The possibility of free rotation of the butyl group in
mercury butyl chloride is rejected by geometric analysis., The
butyl groups are found in plane (100) appearing as planes of
symmetry. Although the dutyl group on the vhole does not rotata,
the free rotation of the Cl!3 group is possible without violation

of the laws of symetry. The size of the phase a = 4,10 A gives
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____ the posaibility for the Cyfly group for oscillating around the dirsc- SN
tien of the C-Hg bond. '
The atudy of ths structure of the higher members of the
series iz not of spmcial interest. - Its structure is to be iis
seme as the structure of butyl chloride, -In figures 5. .d 6 1is
given the "packing up" of the moleculs of msthyl and propyJ« " :ide.
V. Experimental part ) ‘ .
g The preperation of our compounds 0255}!@31 5 02551!551-, . '
'Y 2 AL i CHHgCl and CyEoHEC1 according to the method of Slotte and
. S Jecobi (7) ie oubject to purificetion by means of crystallisation
M S from ethyl alcohol and benzol, since then for the time being, s
. suiteble point of fusion has not besn sttained, The eulture of
the erystals is carried out by slow precipitation of gatursted
alcohol solutiom,
The orientation of the crystals in rontgen chamber cell
is carried out according to Lauegram. Methyl-, ethyl- and weakly
propyl-chlarids mercury compowunds, sublimeted at room temperature,
The measurememt on one crystal might be conducted in this case
caly if we surrourd the crystal with & cylinder of cellphane, placed
within some crystals of the same substancs. In tis vay ve are
guarantsed the saturation of the space in which the object is found,

and its own vapor.
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Plates, smelogous {o mica, possess remasrkable cleavege. ‘ Y
In the msjority of cases the separate layesrs ~oz’ the plate ere o )
turned relatively on each other and give diffused epots on R
the lauegram. Ccnsequeatly this property of choice and arien-
tation of objJecte for exposure and measuring in spectograph is
difficult in significant messure. The measurement of relative
intensity is carried out by the ionization method with the sid
.ofi the spectrograph. The strengthening of the icnigstion cu:rrenf
iz carried out with the aid of the plintron scheme, snd ths currsnt
is meesured by mirror gelvasometer with the semsitivity 1.2'10'8 A
in one grsduation soale.

Copper radiation has been used. The intensity of light
18 regulated with the aid of the current fram an incandescent tube.
Tho dependsnce of the indicated galvanometer on the current in the
tube is linear for all the meaguremsnts bands.

VI. Accuracy of the experiments and calculations

Because the atoms, molecules end compounds studied are
situated in one direction - along (00L), ths accuracy of definition
of the interatomic interval of the first order depends on the
accuracy of ths deZinite period along axis ¢, This period is
defined by numerous measuremsnts in s few ssmples of angle of
divergence for the distant reflex ool (to 008). This pericd




T T vt (30 AR
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15" ned for CHIC1 with the ald of ‘the stectrograph (om 3 B Y
obJects) and is taken from 25 veluss on the averags 9.39 A wiiﬁ A
i frobable quadratic error cf 0,013 A. In relation to the limit i
H\;ﬂ of error we mlght &ffirm that in some cases 1t does not exceed ‘ f,_ 4
| + 0.0h'A. Such an average valur is obtalned by us by the Debye ”
method (radius of the chamber A3 mm),
Period ¢ is defined with such an acuwracy for cgn5xgc1 P i y
end cgagxgsr, The probable quadratic error in the first case
in ths average valus of the period 10.82 A {for dan5xgc1) squele
0.0 & dbut im the second - still less,
The period of ldentity in the plane of theplate {a) is
defined with scmevhat less accuracy, because in the csse of
CH3HgCl and CoENgCl might be found cnly reflex 200 and 400,
but in the cmse of calﬁlgBr only 200, This period in the case
of CH3NgCl is defined according to RBntgenogram oscillation, on
the spectrgraph and the method of powler. The result obtained
18 4,62 A with maximal dispsrsion of 0,08 A.

Conversion ¢o accuracy of definite coordinate stoms,

As is pointed out above, coordinates of atoms are determined from
the rhol - interpolation series. The error of interpolation 1s
ingignificent, because the valus of dispersion obtained does not

+ 0,014,
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The value of Fi oy [a%en in a veries {(of arbitrary units)
: 1s determined on the average vith error of 10%, Ccmedquently from
. P R R . the formula e
Ve o
e * = 0,707"0.1 Z 2 (15)
Y ‘ T .
is obtained the mrror of the sun of tle series sme r = 6 (of the
pema inite). The error is defined'#iz.h corrdinataes wimmAg | -
relatad with valus r, with acuteness of maximm and sige of the

intervel paricd, through which im calculeted the value of the

- S ﬁmtiof/o (xz} (in our case 0.1955 A for CHyEgCl), For coordinates’
; . R of mercury @ CE 1)Ag-o.oo5A, for carbcmAzno.OQA
. i and for ehlarinofx 0.02h, \

Taking into consideration the error in definite pericd
1t might be supposed that the interatamic interval obtained by us
1a defined with scouracy of * 0,03 A.

Sumery

1. First is studied hy the Rintgen method a homologous
teries of normal mercury alkyl halogenides: Cl3ls(:1 ) 02353@1 »
Celjl&Br, c3n.,uc1 and Chlglacl; The. determiration of spatial
group (DZ.h - P/umm and for c,‘lgucl cz,v - Pmn) and moasure of the
elementary cell.
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cBZa01
8o h.62A
¢ =9.39 4

G BgNgRr
8 = 4,50 ¢
¢ = 10,62 A

CyHgEECL

B o= 4,10 A
b= 5344
¢ = 15,16 &

as tha following:
caytec

zu-1.3OA

Gyt
zu-l.QGA

CHR gBgCl
lng - 1.98 A,

ase 2011/09
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2. In totragonal crystals the atoms of mercury and
chlorine and also the center of the radical rests on the fourth

axis. The corrdinates of msrcury atom in the nuclel is shown
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CaiAec
a=h, 8%
c = 10,82 A
C el

2= %70 A

¢ e 13.62 A

C HoNECL
= 1,31 A

‘!s 3

¢ 1t

Tyg 1.334
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3, From a serios of electron densities for c;3aacl,

€ g0l and CM-HgBr ‘s cbtalned interatomic interval: Ng-Cl ;  - L.
and Ng-Br 2,%0 A, Xg-C 2,06 A. T
The Ng-C interval is defined by the Rintgen method
first, Ths adduced value is obtsmdeith sccuracy of + 0.03A.
4, By the RBuigen and geecmstric method 1t is indicated
aeg fres but cocrdinate rotation of CKE, c2n5 and cam-r Frouys
N i in lsttics and zbssnce of rotaticn in the ci‘l§ group. The
- Sl dotermination is effective for the redius rotaticn., The
5 ‘ e . intermolecular rotatiom of merowry is iudicsted as equals 1,50 A.
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